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I. Introduction
Studies of shape transitions and shape coexistence in neutron-rich nuclei with A ~ 100 have long been of major importance [1, 2] . Intensive investigations have been carried out for even-even nuclei in this region. Large quadrupole deformations [3] , the onset of superdeformed ground states and identical bands [2, 4] , shape evolutions, and shape coexistence [4] [5] [6] [7] [8] were observed in the Sr (Z=38)
-Zr (Z=40) -Mo (Z=42) region. The sudden onset of superdeformation in the ground states of N=60, 62 Sr isotopes was interpreted in terms of the reinforcement of the proton and neutron shape driving force where the protons and neutrons have shell gaps at the same large deformation [5] . The triaxial degree of freedom has been reported in Mo (Z=42) and Ru (Z=44) isotopes [e.g. 9].
Recently, differences in band crossing frequencies and signature splittings were observed in the υh 11/2 bands between Zr and Mo isotopes and ascribed to the triaxial degree of freedom in Mo and the mainly axially-symmetric shape in Zr isotopes [10] indicating a transition from axiallysymmetric shape in Zr (Z=40) to triaxiality in Mo (Z=42) isotopes.
Quadrupole deformation is found to decrease with increasing proton number between 38 and 42 [8] .
Abrupt shape transitions from spherical to strongly deformed ground states are observed at N=60 in neutron-rich Sr (Z=38) and Zr (Z=40) isotopic chains. Smoother change in shape transition than in the Sr and Zr nuclei are found for isotopes with Z > 40 and are attributed to the appearance of 3 triaxiality for Z > 40 nuclei, and to the partial occupancy of the πg 9/2 orbital at zero deformation for Z > 40 isotopes, while the orbital is not occupied in the spherical limit for Z ≤ 40 isotopes. The deformation varies with changing neutron number and peaks or saturates at N=60-64 for Z=38-42
isotopes. The occupancy of the g 9/2 proton and h 11/2 neutron orbitals and their interplay have an important role in the rich diversity of nuclear structure and shapes in this nuclear region.
Spectroscopic information of the odd-Z neighbors is of interest in understanding the shape transitions and the importance of the triaxial degree of freedom in this nuclear region. A shape transition from axially symmetric to triaxial deformation in odd-Z nuclei of this region is of particular interest. However, less has been reported for the odd-Z neighbors so far. High-spin states   in  99, 101, 103 Tc (Z=43, N=56 , 58, 60) have been studied and the single-proton states located around the Fermi level were discussed as a function of deformation [11, 12, 13] . Triaxial deformation was observed in 105 Rh (Z=45, N=60) and used to explain the large signature splitting in the ground-state band based on an g 9/2 odd-proton; while a shape change from triaxial (in the ground-state band) to prolate deformation (in the three-quasiparticle band with very small signature splitting) was discussed [14] . High-spin structures in 107, 109, 111, 113 Rh and 105, 107, 109 Tc were studied and revealed shape coexistence and the role played by triaxiality in these Tc and Rh isotopes [15, 16, 17, 18] . Our GANDS2000 collaboration published detailed results on odd-Z, neutron-rich 111, 113 Rh (Z=45) [17] isotopes and 105, 107109 Tc (Z=43) [18] isotopes. Data yielded new level schemes with the highest excitation energies and spins yet established and considerably expanded weakly populated bands to provide rich spectroscopic information [17, 18] . Triaxial-rotor-plus-particle model calculations performed with ε = 0.32 and γ = -22.5 0 on the prolate side of maximum triaxiality yielded the best reproduction of the excitation energies, signature splittings and branching ratios of the positive-4 parity bands (except for the intruder bands) in Tc isotopes [18] . The model calculations gave the best fits to positive-parity bands in Rh isotopes at near maximum triaxiality with γ = -28 0 (see Ref. 17 Tc isotopes stimulates further theoretical interest.
In the lower odd-Z region with Z = 39-41, where the triaxiality-related shape transition is expected to occur, still less-extended level schemes have been reported because of the comparatively weak populations from fission. Low-lying levels populated by beta decay were reported in [19] 
II. Experiment and data analysis
Measurements of prompt γ rays from a fission source by using multi-gamma detection arrays have been shown to be a powerful tool for population and detection of high-spin states of neutron-rich nuclei [2] . For two runs each taking two weeks in 2000, a
252
Cf source of 62 µCi, sandwiched between two 10 mg/cm 2 Fe foils, was placed in an 8-cm-polyethylene ball centered in the Gammasphere, which then consisted of 102 Compton-suppressed Ge detectors. Accumulation of over 5.7 * 10 11 triple and higher-fold events provided excellent conditions for experimental observations for higher spin states and weakly populated bands.
To clarify ambiguities caused by peak overlapping, a less-compressed Radware cube was used. In comparison with the regular Radware cube with its standard for compression of 8192 channels over ~ 5 MeV one third less compression was performed to build a less-compressed cube.
By following the methods based on the coincident production of the complementary fission partners described in [17] , the triple-coincidence data were analyzed to establish the new level schemes of The strongest population of three well-developed bands was seen in 101 Nb (see Fig. 3 ). Nb, respectively. Also shown in the tables are those transitions obtained earlier by decay studies or by fission measurements reported by other authors [8, [19] [20] [21] [22] [23] [24] .
We report our energy determinations to two decimal places, so as not to lose accuracy in sum and difference checking and in signature splitting determinations. However, we caution that systematic errors are of the order of 0.1 keV, for comparison with energy determinations by others. We also show the statistical standard deviations reported by the Radware gf3 least-squares fitting program but caution especially the very small values of 0.01 keV given for many of the stronger transitions. Even with the special Radware cube program with lower compression of channels that we used and with the fixed peak-width formula, there may be too few degrees of freedom to get meaningful statistical standard 8 deviations for some of the peaks. We do not attempt to show systematic uncertainty of the relative photon intensities, but they probably range from around 5% for stronger peaks to 20% for weaker ones, and to even larger values for peak-overlapping cases. We have not attempted to correct for internal conversion, as the multipolarities are often not known. [19] (keV)
Table I. Energies and relative intensities of the transitions observed in 99 Y
Half life [19] (ns) E γ β [19] Initial level
Half life [19] (keV) was assigned to the 1654.8-keV level [21] . In the present work the non-observation of the 1654. Sr, respectively, the saturation or peak positions of the deformations observed in these even-even neighbors support the above conclusion that for the Z = 39 (Y) isotopes the quadrupole deformation peaks at N = 60.
2.
101, 105
Nb
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The ground-state band and the two side-bands of 101 Nb are extended up to higher excitations in the present work (see Fig. 3 ), with the two side-bands reaching much higher excitations and spins than those in the Y isotopes. However, the population of 105 Nb is much weaker, with only one band observed (see Fig. 4 Nb.
The interpretation of the ground-state bands in Nb isotopes as having the same configurations as Nb (Z = 41). From this figure and based on the same arguments given in the preceding section one may conclude that for the odd-Z of the Z = 41 isotopic chain the deformation is saturated at N = 62, also following, and supported by, the consistent trend observed in the neighboring even-even isotopes.
Triaxiality trends in the odd-A isotopes of Y(39) -Nb(41)-Tc(43)
As reviewed in the introduction, a shape transition from axially-symmetric shape to a triaxial degree of freedom was suggested between the neighboring even-Z Zr (Z = 40) and Mo (Z = 42) isotopes [10] . It was pointed out that triaxial deformation plays an important role in the Mo isotopes while 
IV. Rigid triaxial-rotor-plus-quasiparticle model calculations
In previous publications [refs.17,18] we have described the rigid triaxial-rotor-plus-quasiparticle model. Therefore, in the present paper we will mention only a few basic features of this model. A more detailed description can be found in the seminal paper by Larsson et al. [26] . By "rigid" we mean that the shape, which is defined by the deformation parameters of the core [27] , is the same for all states. The deformation parameters are fixed, and this model does not contain either β or γ vibrations.
We use the hydrodynamic irrotational flow formula for the ratios of the moments of inertia along the principal axes, which depend only on the triaxial deformation parameter γ. We normalize them with a scaling factor, which is a free parameter. This parameter is expressed through an effective value of E(2 + ) of the core.
The single particle Hamiltonian contains an anisotropic oscillator potential which depends on the deformation parameters ε 2 and γ. We use the Lund convention for γ, which is confined to the 0 to -60 0 interval. Nb. Theoretical excitation energies, signature splittings and some branching ratios are compared with the experimental results.
The fitted parameters are summarized in Table V , and Fig. 13 indicates the spherical single-particle levels used in the calculations. Before proceeding further, we must make a remark on the validity of the model at relatively high spins. In previous studies, especially in those of 111, 113 Rh, a band crossing (backbending) was clearly visible at spins around 23/2. This was interpreted as the crossing of the one-quasiparticle ground band with a three-quasiparticle band based on a πg 9/2 υh 11/2 2 configuration. On the contrary, we do not see any clear indication of backbending in the Y and Nb nuclei mentioned above. Therefore, one is tempted to consider the observed cascades, with spins up to I=27/2, as one-quasiparticle rotational bands. It is more plausible to assume that also in this case we deal with band mixing. The mixing matrix elements are probably stronger than in the nuclei studied in [17] , so that the mixing is distributed over several states. This may be the reason for seeing only a smooth transition. In practical terms, this means that the calculated wave functions and excitation energies can be taken at face value only below I=23/2.
We will first consider the lowest-Z nucleus here, 99 Y (Z=39). Figure 14 shows a comparison of the calculated signature splitting with the experiment for the ground-state band of 99 Y. The calculations were performed for axial symmetry (γ=0 0 ) and for small triaxiality (γ=-12.5 0 ). The axially symmetric calculation is obviously satisfactory for low spins up to I=19/2. At higher spin, the experimental signature splitting function S(I) [17 ] is of the same sign, but significantly smaller than in the calculation for axial symmetry. Similar deviations of experiment from theory at higher spins were also noticed in our previous papers on Rh and Tc [17, 18] . In the latter cases, the deviation was associated with the sharp backbending and attributed to the alignment of a pair of h 11/2 neutrons. As noticed above, in this case the h 11/2 neutrons are also expected to be major participants in carrying angular momentum along the rotation axis. Since signature splitting in an axially symmetric nucleus can be considered as a consequence of Coriolis coupling, the lowered value of S(I) at the higher spins could also be attributed to a decrease of the summed Coriolis matrix elements as spin increases. Another characteristic is the quite small value of S(I), which already points at axial symmetry.
The theoretical excitation energies in
99
Y and 101 Y are compared with experiment in Fig. 15 . We consider the fit at lower spins satisfactory. The calculation assumes a constant moment of inertia, so that this overall fit does not reproduce the experimental increase of the moment of inertia at higher 22 spin,
In Sr, respectively [28] . This means that the fitted value of β 2 is plausible.
101
Y has been fitted with similar parameters and a similar result is obtained (see Table V and Fig. 15 ) .
Let us now examine the Z=41 Nb nuclei. Here we have treated bands of both parities. Figure 16 gives an overview of the comparisons with experiment for excitations of the three bands in The signature splitting at low spins in 101 Nb is quite reasonably reproduced with γ=-19 0 (see Fig. 17 ), but at high spins the theoretical values are again too high. For the negative-parity bands we fitted γ=- It is interesting to examine the systematics of the ε 2 and γ deformation parameters for neutron-rich nuclei of Z=39 to Z=45 shown in Fig. 22 . We can see that when going from Z=39 to Z=45, with neutron numbers roughly between 60 and 70, the ε 2 deformation parameter decreases from values slightly above 0.40 to 0.27. This trend can be understood, at least at a qualitative level. Due to the large value of N, the "quasimagic" Z=40 does not manifest itself. Therefore, when Z decreases from 45 to 39, the proton number reaches the middle of the Z=28-50 shell, the deformed shell gap at Z=38, and this causes an increase in deformation. This increase in collectivity can be related to the increase of N(π)N(υ), i.e. of the product of the valence proton and neutron numbers (particles or holes) [29] . In the present case, this product obviously increases when we go from Rh to Y.
At the same time, the nuclear shape changes from axial symmetry in the case of Y to nearly maximum triaxiality in Rh. Such an anticorrelation of the quadrupole deformation and of triaxiality is generally known. It has been examined in quantitative terms in [30] .
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13. Spherical single-particle levels used in the triaxial-rotor-plus-particle model calculations in the present work.
14. Triaxial-rotor-plus-particle model calculations for the signature splitting of the 
